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SPARSE CODING DCTIONARY PRIMING 

TECHNICAL FIELD 

This application relates to video coding such as video 
coding using a coding dictionary. 

BACKGROUND 

Digital video can be used, for example, for remote business 
meetings via video conferencing, high definition video enter 
tainment, video advertisements, or sharing of user-generated 
Videos. Accordingly, it is advantageous to provide high reso 
lution video transmitted over communications channels hav 
ing limited bandwidth. 

SUMMARY 

Disclosed herein are aspects of systems, methods, and 
apparatuses for performing sparse coding dictionary priming. 
An aspect is a method for performing sparse coding dic 

tionary priming. Sparse coding dictionary priming may 
include iteratively training a coding dictionary, which may 
include a plurality of codewords or bases. Iteratively training 
the coding dictionary may include identifying a sampling 
index cardinality, identifying a portion of a video stream, 
decomposing the portion of the video stream, and updating 
the codeword based on the portion of the video stream. 
Decomposing the portion of the video stream may include 
randomly identifying a set of codewords from the plurality of 
codewords whereina cardinality of the set of codewords is the 
sampling index cardinality and wherein the sampling index 
cardinality is less than a cardinality of the plurality of code 
words, and determining a codeword having a maximum cor 
relation with the portion of the video stream from the set of 
codewords. 

Another aspect is an apparatus for sparse coding dictionary 
priming. The apparatus includes a memory and at least one 
processor. The at least one processor is configured to execute 
instructions stored in the memory to iteratively train a coding 
dictionary, which may include a plurality of codewords or 
bases. Iteratively training the coding dictionary may include 
identifying a sampling index cardinality, identifyingaportion 
of a video stream, decomposing the portion of the video 
stream, and updating the codeword based on the portion of the 
Video stream. Decomposing the portion of the video stream 
may include randomly identifying a set of codewords from 
the plurality of codewords wherein a cardinality of the set of 
codewords is the sampling index cardinality and wherein the 
sampling index cardinality is less than a cardinality of the 
plurality of codewords, and determining a codeword having a 
maximum correlation with the portion of the video stream 
from the set of codewords. 

Variations in these and other aspects will be described in 
additional detail hereafter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The description herein makes reference to the accompany 
ing drawings wherein like reference numerals refer to like 
parts throughout the several views, and wherein: 

FIG. 1 is a diagram of a video encoding and decoding 
system in accordance with an implementation of this disclo 
Sure; 

FIG. 2 is a diagram of a typical video stream for encoding 
and decoding in accordance with an implementation of this 
disclosure; 
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2 
FIG.3 is a block diagram of a video compression device in 

accordance with an implementation of this disclosure; 
FIG. 4 is a block diagram of a video decompression device 

in accordance with an implementation of this disclosure; 
FIG.5 is a flowchart of sparse coding dictionary priming in 

accordance with an implementation of this disclosure. 

DETAILED DESCRIPTION 

The generation and display of a video signal. Such as high 
quality digital video communicated using a limited band 
width medium, may use one or more video compression 
schemes as part of the encoding and decoding of the video 
signals. According to the implementations herein, video com 
pression can include sparse coding. Sparse coding can 
improve video encoding and decoding efficiency by encoding 
a portion of a video stream or image. Such as a number of 
pixels in close proximity to a target pixel, as a function of a set 
(dictionary) of values (codewords or bases) shared by an 
encoderanda decoder. For example, a dictionary may include 
multiple codewords, such as 1000 codewords, and each code 
word may indicate an image feature, Such as alternating bands 
of light and dark or a left to right gradient from light to dark. 
A dictionary may be trained, or primed. Iterative training 

can include at step where each training data point is first 
decomposed into a sparse combination of dictionary words. 
Such techniques can be highly sensitive to initialization Such 
that some codewords may not be selected. According to the 
teachings herein, sparse coding dictionary priming may occur 
to improve the efficiency of the sparse coding method by 
training a dictionary to increase the number of codewords 
selected that can be used in the encoding and decoding pro 
cess. In an implementation, each codeword is used. 

Initially, the use of sparse coding dictionary priming as 
described herein is described with reference to an exemplary 
environment in which it can be incorporated. For simplicity, 
aspects of this disclosure are described herein with reference 
to encoding and decoding portions of a video stream or 
image, which may be referred to as examples or image 
patches, as two-dimensional fixed size vectors of values. Such 
as pixel values; however, the aspects, embodiments, and 
implementations described herein may be applied to encod 
ing and decoding portions having other dimensions. For 
example, the teachings herein may be used for four-dimen 
sional portions, such as examples of a video stream including 
three color channels and a time element. 

FIG. 1 is a diagram of a video encoding and decoding 
system 10 in accordance with an implementation of this dis 
closure. A transmitting station 12 can be, for example, a 
computing device having an internal configuration of hard 
ware including a processor Such as a central processing unit 
(CPU) 14 and a memory 16. CPU 14 may be a controller for 
controlling the operations of transmitting station 12. CPU 14 
can be connected to memory 16 by, for example, a memory 
bus. Memory 16 can be read only memory (ROM), random 
access memory (RAM), or any other Suitable memory device. 
Memory 16 can store data and program instructions that can 
be used by CPU 14. Other suitable implementations of trans 
mitting station 12 are possible. As used herein, the term 
“computing device' includes a server, a hand-held device, a 
laptop computer, a desktop computer, a special purpose com 
puter, a general purpose computer, or any device, or combi 
nation of devices, capable of performing any method, or any 
portion thereof, disclosed herein. 
A network 28 can connect transmitting station 12 and a 

receiving station 30 for encoding and Subsequently decoding 
the video stream. Specifically, the video stream can be 
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encoded in transmitting station 12 and the encoded video 
stream can be decoded in receiving station 30. Network 28 
can, for example, be the Internet. Network 28 can also be a 
local area network (LAN), wide area network (WAN), virtual 
private network (VPN), a mobile or cellular telephone net 
work, or any other means of transferring the video stream 
from transmitting station 12 to, in this example, receiving 
station 30. 

Receiving station 30, in one example, can be a computing 
device having an internal configuration of hardware including 
a processor such as a CPU 32 and a memory 34. CPU 32 may 
be a controller for controlling the operations of receiving 
station 30. CPU 32 can be connected to the memory 34 by, for 
example, a memory bus. Memory 34 can be ROM, RAM or 
any other suitable memory device. Memory 34 can store data 
and program instructions that can be used by CPU 32. Other 
suitable implementations of receiving station 30 are possible. 
For example, the processing of receiving station 30 can be 
distributed among multiple devices. 
A display 36 configured to display a video stream can be 

connected to receiving station 30. Display 36 can be imple 
mented in various ways, including by a liquid crystal display 
(LCD), a cathode-ray tube (CRT), or a light emitting diode 
display (LED), such as an OLED display. Display 36 can be 
coupled to CPU 32 and can be configured to display a ren 
dering 38 of the video stream decoded by a decoder in receiv 
ing station 30. 

Other implementations of encoder and decoder system 10 
are possible. In some of the implementations described, for 
example, an encoder is in transmitting station 12 and a 
decoderis in receiving station 30 as instructions in memory or 
a component separate from memory. However, an encoder or 
decoder can be coupled to a respective station 12, 30 rather 
than in it. Further, one implementation can omit network 28 
and/or display 36. In another implementation, a video stream 
can be encoded and then stored fortransmissionata later time 
to receiving station 30 or any other device having memory. In 
one implementation, a video stream is received by receiving 
station 30 (e.g., via network 28, a computer bus and/or some 
communication pathway) and stored for later decoding. In 
another implementation, additional components can be added 
to encoder and decoder system 10. For example, a display or 
a video camera can be attached to transmitting station 12 to 
capture the video stream to be encoded. In an exemplary 
implementation, a real-time transport protocol (RTP) is used 
for transmission of the encoded video. In another implemen 
tation, a transport protocol other than RTP may be used, e.g., 
a HyperText Transport Protocol (HTTP)-based video stream 
ing protocol. 

FIG. 2 is a diagram of a video stream 50 for encoding and 
decoding in accordance with an implementation of this dis 
closure. Video stream 50 includes a video sequence 52. At the 
next level, video sequence 52 includes a number of adjacent 
frames 54. While three frames are depicted in adjacent frames 
54, video sequence 52 can include any number of adjacent 
frames. Adjacent frames 54 can then be further subdivided 
into individual frames, e.g., a single frame 56. At the next 
level, single frame 56 can be divided into a series of blocks 58 
that may include pixels. For example, a block can include a 
16x16 group of pixels, an 8x8 group of pixels, an 8x16 group 
of pixels, or any other group of pixels. Unless otherwise 
indicated herein, the term block can include a macroblock, a 
segment, a slice, or any other portion of a frame. A frame, a 
block, a pixel, or a combination thereof can include display 
information, Such as luminance information, chrominance 
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4 
information, or any other information that can be used to 
store, modify, communicate, or display the video stream or a 
portion thereof. 

FIG. 3 is a block diagram of an encoder 70 in accordance 
with an implementation of this disclosure. Encoder 70 can be 
implemented, as described above, in transmitting station 12 
as a computer software program stored in memory 16, for 
example. The computer Software program can include 
machine instructions that, when executed by CPU 14, cause 
transmitting station 12 to encode video data in the manner 
described in FIG. 3. Encoder 70 can be implemented as spe 
cialized hardware included, for example, in transmitting sta 
tion 12. Encoder 70 has the following stages to perform the 
various functions in a forward path (shown by the solid con 
nection lines) to produce an encoded or a compressed bit 
stream 88 using input video stream 50: an intra/inter predic 
tion stage 72, a transform stage 74, a quantization stage 76. 
and an entropy encoding stage 78. Encoder 70 may also 
include a reconstruction path (shown by the dotted connec 
tion lines) to reconstruct a frame for encoding of future 
blocks. In FIG. 3, encoder 70 has the following stages to 
perform the various functions in the reconstruction path: a 
dequantization stage 80, an inverse transform stage 82, a 
reconstruction stage 84, and a loop filtering stage 86. Other 
structural variations of encoder 70 can be used to encode 
video stream 50. 
When video stream 50 is presented for encoding, each 

frame 56 within the video stream 50 can be processed in units 
of blocks. At intra/inter prediction stage 72, each block may 
be encoded using either intra-frame prediction (within a 
single frame) or inter-frame prediction (frame to frame). In 
either case, a prediction block can be formed. In the case of 
intra-prediction, a prediction block can be formed from 
samples in the current frame that have been previously 
encoded and reconstructed. In the case of inter-prediction, a 
prediction block can be formed from samples in one or more 
previously constructed reference frames. 

Next, still referring to FIG. 3, the prediction block can be 
subtracted from the current block at intra/inter prediction 
stage 72 to produce a residual block (also called a residual). 
Transform stage 74 transforms the residual into transform 
coefficients in, for example, the frequency domain. Examples 
of block-based transforms include the Karhunen-Loève 
Transform (KLT), the Discrete Cosine Transform (DCT), and 
the Singular Value Decomposition Transform (SVD). In one 
example, the DCT transforms the block into the frequency 
domain. In the case of DCT, the transform coefficient values 
may be based on spatial frequency, with the lowest frequency 
(i.e., DC) coefficient at the top-left of the matrix and the 
highest frequency coefficient at the bottom-right of the 
matrix. 

Quantization stage 76 converts the transform coefficients 
into discrete quantum values, which may be referred to as 
quantized transform coefficients, using a quantizer value or a 
quantization level. The quantized transform coefficients are 
then entropy encoded by entropy encoding stage 78. Entropy 
encoding can include using a probability distribution metric. 
The entropy-encoded coefficients, together with other infor 
mation used to decode the block, which may include the type 
of prediction used, motion vectors and quantizer value, are 
then output to compressed bitstream 88. Compressed bit 
stream 88 can be formatted using various techniques. Such as 
variable length encoding (VLC) and arithmetic coding. Com 
pressed bitstream 88 can also be referred to as an encoded 
video stream and the terms will be used interchangeably 
herein. 
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The reconstruction path in FIG. 3 (shown by the dotted 
connection lines) can be used to ensure that both encoder 70 
and a decoder 100 (described below) use the same reference 
frames to decode compressed bitstream 88. The reconstruc 
tion path can perform functions that are similar to functions 5 
that take place during the decoding process that are discussed 
in more detail below, including dequantizing the quantized 
transform coefficients at dequantization stage 80 and inverse 
transforming the dequantized transform coefficients at 
inverse transform stage 82 to produce a derivative residual 
block (also called a derivative residual). At reconstruction 
stage 84, the prediction block that was predicted at intra/inter 
prediction stage 72 can be added to the derivative residual to 
create a reconstructed block. Loop filtering stage 86 can be 
applied to the reconstructed block to reduce distortion such as 
blocking artifacts. 

Other variations of encoder 70 can be used to encode 
compressed bitstream 88. For example, a non-transform 
based encoder 70 can quantize the residual block directly 20 
without transform stage 74. In another implementation, an 
encoder 70 can have quantization stage 76 and dequantization 
stage 80 combined into a single stage. 

FIG. 4 is a block diagram of a decoder 100 in accordance 
with an implementation of this disclosure. Decoder 100 can 25 
be implemented in a device, Such as receiving station 30 
described above, for example, using a computer Software 
program stored in memory 34. The computer Software pro 
gram can include machine instructions that, when executed 
by CPU 32, cause receiving station 30 to decode video data in 30 
the manner described in FIG. 4. Decoder 100 can also be 
implemented as specialized hardware included, for example, 
in transmitting station 12 or receiving station 30. 

Decoder 100, similar to the reconstruction path of encoder 
70 discussed above, includes in one example the following 35 
stages to perform various functions to produce an output 
video stream 116 from compressed bitstream 88: an entropy 
decoding stage 102, a dequantization stage 104, an inverse 
transform stage 106, an intra/inter prediction stage 108, a 
reconstruction stage 110, a loop filtering stage 112 and a 40 
deblocking filtering stage 114. Other structural variations of 
decoder 100 can be used to decode compressed bitstream 88. 
When compressed bitstream 88 is presented for decoding, 

the data elements within compressed bitstream 88 can be 
decoded by entropy decoding stage 102 (using, for example, 45 
arithmetic coding) to produce a set of quantized transform 
coefficients. Dequantization stage 104 dequantizes the quan 
tized transform coefficients, and inverse transform stage 106 
inverse transforms the dequantized transform coefficients to 
produce a derivative residual that can be identical to that 50 
created by the inverse transform stage 82 in encoder 70. Using 
header information decoded from compressed bitstream 88, 
decoder 100 can use intra/interprediction stage 108 to create 
the same prediction block as was created in encoder 70, e.g., 
at intra/inter prediction state 72. At reconstruction stage 110, 55 
the prediction block can be added to the derivative residual to 
create a reconstructed block. Loop filtering stage 112 can be 
applied to the reconstructed block to reduce blocking arti 
facts. Deblocking filtering stage 114 can be applied to the 
reconstructed block to reduce blocking distortion, and the 60 
result is output as output video stream 116. Output video 
stream 116 can also be referred to as a decoded video stream, 
and the terms will be used interchangeably herein. 

Other variations of decoder 100 can be used to decode 
compressed bitstream 88. For example, decoder 100 can pro- 65 
duce output video stream 116 without deblocking filtering 
stage 114. 
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As mentioned briefly above, sparse coding dictionary 

priming may be performed to improve the accuracy and effi 
ciency of encoding and decoding using a dictionary of code 
words. According to one example, in initial stages of the 
priming, one of the codewords can be stochastically deter 
mined based on its rank, where the rank is based on how well 
the codeword fits a video stream portion. For example, a 
selection of rank-1 can indicate a desire to use a conventional, 
e.g., so-called greedy, training method. An alternative is to 
sample based on the rank, progressively placing more weight 
on the rank-1 item. 

This can be accomplished in general by randomly sam 
pling K indices and selecting the best one. As the iterations 
progress, K may be increased, eventually letting it become the 
dictionary size. At this point, agreedy method is achieved. By 
varying K from a small value (e.g., 2) towards the maximum 
(e.g., the dictionary size), the codewords selected are used by 
large fractions of the training data, instead of falling in a local 
minimum where they are used by none or one items. 

According to one implementation, the following algorithm 
may be implemented for sparse coding dictionary priming: 

For t=1,2,.... 
Choose Kas function oft 
Select a training example 
Compute the decomposition of the training example, 
where the best match out of a random sample of size K 
is chosen at each step of the decomposition algorithm 
(e.g., a greedy method or algorithm Such as matching 
pursuit or orthogonal matching pursuit) 

Update the dictionary 
End for. 
FIG. 5 is a flowchart of sparse coding dictionary priming 

500 in accordance with an implementation of this disclosure. 
The flowchart of FIG. 5 can be used to implement the algo 
rithm above. A device. Such as transmitting station 12 or 
receiving station 30 shown in FIG. 1, may implement sparse 
coding dictionary priming as disclosed herein using, for 
example, encoder 70 shown in FIG. 3 and/or decoder 100 
shown in FIG. 4. For example, an encoder, such as encoder 70 
shown in FIG. 3, can implement sparse coding dictionary 
priming, or any portion thereof, using instruction stored on a 
tangible, non-transitory, computer readable media, Such as 
memory 34 shown in FIG. 1. 

In an implementation, a dictionary can be a data structure, 
Such as a relational database, that includes a plurality of rows 
or records. Each record can include an index field and a value 
field. The index field can include, for example, an integer that 
indicates as a primary key to dictionary, uniquely identifying 
each of the rows. The value field can include a value that 
corresponds mathematically to a component of a video 
stream portion. The value field can contain a scalar, a vector 
or array, or a matrix or any other data structure capable of 
including an indication of a codeword. The values of the 
dictionary are referred to herein as codewords, and the values 
can form an over-complete set so that any signal can be 
recovered by at least one finite weighted sum of the dictionary 
entries. The codewords may be real numbers that can be 
normalized so that the Sum of their squares equals one. 

While the implementation above describes the dictionary 
as being implemented in the form of a relational database, a 
dictionary can be implemented in the form of any suitable 
data structure. Such as a list, metadata repository, associative 
array or any other structure that can store signal elements in a 
manner that permits the elements to be looked-up, referenced 
or otherwise accessed Such as by using an index value. The 
term “dictionary” refers to all such structures. Other imple 
mentations for looking up codewords (such as hashing of 
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index values) can be used as well and the term “index' refers 
to all such implementations by which a value can be used to 
locate a codeword in a dictionary. In an implementation, a 
dictionary may be stored in memory 16 of transmitting station 
12, memory 34 of receiving station 30, or both. For example, 
transmitting station 12 may store a copy of the dictionary in 
memory 16 and receiving station 30 may store a matching 
copy of the dictionary in memory 30. 

Starting in FIG. 5, a sampling index cardinality K can be 
identified at 510. The sampling index cardinality indicates a 
number of codewords to be selected from the dictionary for 
each training iteration t. For example, an initial sampling 
index cardinality of two, which may correspond to a linear 
sampling distribution, may be identified. The sampling index 
cardinality may be lower than the cardinality of the dictio 
nary. 
A video stream portion can be identified at 520. For 

example, the video stream portion may include any part or 
portion of an image or video stream, Such as a block, a 
macroblock, a frame, oran image patch, which may include a 
number of pixels in close spatial proximity with a target pixel. 
The video stream portion can be decomposed at 530. 

Decomposing the video stream portion can include identify 
ing one or more codewords in the dictionary that most accu 
rately represent the video stream portion. In some implemen 
tations, decomposing the video stream portion can include 
performing matching pursuit, orthogonal matching pursuit, 
or any other method of decomposing a video stream portion. 

In an implementation, decomposing the video stream por 
tion can include iteratively decomposing the video stream 
portion by identifying a residual at 532, identifying a set of 
candidate codewords at 534, determining a maximally corre 
lated codeword at 536, and updating the residual at 538. In 
Some implementations, identifying a residual at 532 may 
include using the value of the video stream portion as the 
residual value. Identifying a set of candidate codewords at 
534 may include stochastically selecting a sampling index 
cardinality sized subset of the codewords in the dictionary. 
The candidate codewords may be identified randomly, or 
pseudo-randomly. In an implementation, determining the 
maximally correlated codeword at 536 may include deter 
mining a correlation between the video stream portion and 
each respective candidate codeword and selecting the code 
word having the greatest correlation. Updating the residual at 
536 may include using a difference between the video stream 
portion and a weighted combination of the identified code 
words. As indicated by the broken line at 539, iterations may 
be performed until the video stream portion is decomposed. 

The dictionary may then be updated at 540. For example, 
the identified codewords may be updated. In certain imple 
mentations, the dictionary is primed using the sampling index 
cardinality for multiple video stream portions as indicated by 
broken line 545. 

The sampling index cardinality may be increased at 550. 
For example, the sampling index cardinality may be 
increased in response to an event, such as the expiration of a 
timer or an iteration counterpassing a threshold, which may 
be a predetermined value. In an implementation, for example, 
the sampling index cardinality may be increased to three, 
which may correspond to a quadratic distribution. In an 
implementation, as indicated by the broken line at 555, the 
sampling index cardinality may be iteratively increased until 
the sampling index cardinality reaches the dictionary cardi 
nality. At this time, the process of sparse coding dictionary 
priming can end. 

Other implementations of sparse coding dictionary prim 
ing from that shown in FIG. 5 are available. For example, 
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8 
additional elements of sparse coding dictionary priming can 
be added, certain elements can be combined, and/or certain 
elements can be removed. Although iterations of sparse cod 
ing dictionary priming are described with respect to dictio 
nary training, each video stream portion used for sparse cod 
ing dictionary priming may be encoded and transmitted, for 
example, as shown in FIG. 3. Although not shown in FIG. 5, 
sparse coding dictionary priming may include transmitting 
the primed dictionary to a device. Such as transmitting station 
12 shown in FIG. 1, receiving station 30 shown in FIG. 1, or 
both. 

According to an implementation of sparse coding, an 
encoderanda decoder may use a dictionary that is predefined, 
or one that is communicated between the encoder and the 
decoder. The encoder may encode a portion of a video stream 
as an index of a codeword in the dictionary and a multiplier 
(weight), and transmit the index and the multiplier to the 
decoder. The decoder may determine the codeword based on 
the received index and may reconstruct the portion of the 
Video steam by multiplying the codeword by the weight. In an 
implementation, an encoded portion of a video stream may be 
expressed as a polynomial function. In this case, for example, 
the portion may be encoded using multiple codewords and 
corresponding weights. 

Generating (initializing) and optimizing (training) a dic 
tionary to improve the accuracy and efficiency of encoding 
and decoding using the dictionary are described herein. In the 
implementation of FIG. 5, for example, a sparse coding dic 
tionary may be initialized randomly and may be trained based 
on multiple video stream portions. In an example of the 
implementation of FIG. 5, a method of iterative training, such 
as K-singular value decomposition (K-SVD), may be used. 

Decomposing each video stream portion into a sparse com 
bination of codewords in the iterative dictionary training 
described above may be accomplished using, for example, a 
greedy method, such as matching pursuit (MP) or orthogonal 
matching pursuit (OMP). The identified codewords may be 
updated (trained) based on the video stream portion to more 
accurately and efficiently represent the video stream portion. 

Greedy methods may identify the codeword, or codewords, 
that have the highest correlation with the video stream por 
tion. For example, a dictionary may include a first codeword 
that represents a very common image feature and correlates 
strongly with many video stream portions; and a second code 
word that represents a less common feature and correlates 
strongly with few, or no, video stream portions. The first 
codeword may have a much higher probability of being 
trained than the second code word, and the second codeword 
may not be trained or may be trained very infrequently. Imple 
mentations of sparse coding dictionary priming disclosed 
herein may more efficiently train a dictionary by reducing the 
probability that one or a few codewords will be untrained or 
will be infrequently trained. 

Soft assignment methods may be used in dictionary train 
ing. For example, expectation maximization (EM) calculates 
a correlation between the video stream portion and each code 
word in the dictionary, and weights the codewords based on 
their respective correlation. Some implementations of dictio 
nary training, Such as annealed Stochastic EM, may include 
priming the dictionary. For example, priming a dictionary 
may include training the dictionary for an initial period, Such 
as a time period, a period based on the number of video stream 
portions processed, or a period based on the quality of the 
dictionary, by progressively transitioning from stochastically 
(random or pseudo-random) assigned weights to correlation 
based weights. Implementations of sparse coding dictionary 
priming disclosed herein may more efficiently train a dictio 
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nary by priming the dictionary without calculating correla 
tions between each video stream portion and each codeword. 
As described above, sparse coding dictionary priming may 

include priming a sparse coding dictionary based on rank. 
Priming based on rank may include calculating a correlation 
between the video stream portion and each respective code 
word in the dictionary and assigning each codeword a rank 
based on correlation. For example, the rank may be assigned 
Such that the highest correlating codeword has a rank of one. 
Assigning the rank may also include Sorting the codewords. 
Priming based on rank may include selecting a codeword for 
encoding the video stream portion based on statistically Sam 
pling the dictionary Such that the sampling distribution may 
be a function of the rank. 

Priming a sparse coding dictionary based on rank may 
include progressively increasing the number (cardinality) of 
stochastically selected codewords used for decomposition. 
For example, decomposition may initially include using a set 
of two stochastically selected codewords, and the cardinality 
of the set of selected codewords may be progressively 
increased until the cardinality of the set of selected codewords 
equals the cardinality of the dictionary. 
The implementations of encoding and decoding described 

herein illustrate some exemplary encoding and decoding 
techniques. However, it is to be understood that encoding and 
decoding, as those terms are used herein may include com 
pression, decompression, transformation, or any other pro 
cessing or change of data. 
The words “example' or “exemplary” are used herein to 

mean serving as an example, instance, or illustration. Any 
aspect or design described herein as “example' or “exem 
plary” is not necessarily to be construed as preferred or 
advantageous over other aspects or designs. Rather, use of the 
words “example' or “exemplary' is intended to present con 
cepts in a concrete fashion. As used in this application, the 
term 'or' is intended to mean an inclusive 'or' rather than an 
exclusive “or'. That is, unless specified otherwise, or clear 
from context, “X includes A or B is intended to mean any of 
the natural inclusive permutations. That is, if X includes A: X 
includes B; or X includes both A and B, then “X includes A or 
B' is satisfied under any of the foregoing instances. In addi 
tion, the articles “a” and “an as used in this application and 
the appended claims should generally be construed to mean 
“one or more unless specified otherwise or clear from con 
text to be directed to a singular form. Moreover, use of the 
term “an embodiment” or “one embodiment’ or “an imple 
mentation” or “one implementation' throughout is not 
intended to mean the same embodiment or implementation 
unless described as such. As used herein, the terms “deter 
mine' and “identify”, or any variations thereof, includes 
Selecting, ascertaining, computing, looking up, receiving, 
determining, establishing, obtaining, or otherwise identifying 
or determining in any manner whatsoever using one or more 
of the devices shown in FIG. 1. 

For simplicity of explanation, although the figures and 
descriptions herein may include sequences or series of steps 
or stages, elements of the methods disclosed herein can occur 
in various orders and/or concurrently. Additionally, elements 
of the methods disclosed herein may occur with other ele 
ments not explicitly presented and described herein. Further 
more, not all elements of the methods described herein may 
be required to implement a method in accordance with the 
disclosed Subject matter. 

Implementations of transmitting station 12 and/or receiv 
ing station 30 (and the algorithms, methods, instructions, etc. 
stored thereon and/or executed thereby, including by encoder 
70 and decoder 100) can be realized in hardware, software, or 
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10 
any combination thereof. The hardware can include, for 
example, computers, intellectual property (IP) cores, appli 
cation-specific integrated circuits (ASICs), programmable 
logic arrays, optical processors, programmable logic control 
lers, microcode, microcontrollers, servers, microprocessors, 
digital signal processors or any other Suitable circuit. In the 
claims, the term “processor should be understood as encom 
passing any of the foregoing hardware, either singly or in 
combination. The terms “signal' and “data are used inter 
changeably. Further, portions of transmitting station 12 and 
receiving station 30 do not necessarily have to be imple 
mented in the same manner. 

Further, in one implementation, for example, transmitting 
station 12 or receiving station 30 can be implemented using a 
general purpose computer or general purpose processor with 
a computer program that, when executed, carries out any of 
the respective methods, algorithms and/or instructions 
described herein. In addition or alternatively, for example, a 
special purpose computer/processor can be utilized that can 
contain other hardware for carrying out any of the methods, 
algorithms, or instructions described herein. 

Transmitting station 12 and receiving station 30 can, for 
example, be implemented on computers in a real-time video 
system. Alternatively, transmitting station 12 can be imple 
mented on a server and receiving station 30 can be imple 
mented on a device separate from the server, such as a hand 
held communications device. In this instance, transmitting 
station 12 can encode content using an encoder 70 into an 
encoded video signal and transmit the encoded video signal to 
the communications device. In turn, the communications 
device can then decode the encoded video signal using a 
decoder 100. Alternatively, the communications device can 
decode content stored locally on the communications device, 
for example, content that was not transmitted by transmitting 
station 12. Other suitable transmitting station 12 and receiv 
ing station 30 implementation schemes are available. For 
example, receiving station 30 can be a generally stationary 
personal computer rather than a portable communications 
device and/or a device including an encoder 70 may also 
include a decoder 100. 

Further, all or a portion of implementations can take the 
form of a computer program product accessible from, for 
example, a tangible computer-usable or computer-readable 
medium. A computer-usable or computer-readable medium 
can be any device that can, for example, tangibly contain, 
store, communicate, or transport the program for use by or in 
connection with any processor. The medium can be, for 
example, an electronic, magnetic, optical, electromagnetic, 
or a semiconductor device. Other suitable mediums are also 
available. 
The above-described implementations have been 

described in order to allow easy understanding of the appli 
cation are not limiting. On the contrary, the application covers 
various modifications and equivalent arrangements included 
within the scope of the appended claims, which scope is to be 
accorded the broadest interpretation so as to encompass all 
Such modifications and equivalent structure as is permitted 
under the law. 
What is claimed is: 
1. A method for use in video coding, the method compris 

ing: 
iteratively training a coding dictionary using a processor, 

wherein the coding dictionary includes a plurality of 
codewords, by: 

identifying a sampling index cardinality; 
identifying a portion of a video stream; 
decomposing the portion by: 
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randomly identifying a set of codewords from the plu 
rality of codewords wherein a cardinality of the set of 
codewords is the sampling index cardinality and 
wherein the sampling index cardinality is less than a 
cardinality of the plurality of codewords, and 

determining a codeword from the set of codewords, the 
codeword having a maximum correlation with the 
portion; and 

updating the codeword based on the portion, 
wherein the iteratively training the coding dictionary 

includes increasing the sampling index cardinality in 
response to an event indicating an expiration of a time 
period. 

2. The method of claim 1, wherein the iteratively training 
the coding dictionary includes maintaining an iteration 
counter and the event indicates that the iteration counter 
crossed a threshold. 

3. The method of claim 1, wherein the iteratively training 
the coding dictionary includes decomposing a plurality of 
portions of a plurality of video streams including the portion 
of the video stream. 

4. The method of claim 1, further comprising: 
generating an encoded video stream by encoding the por 

tion using the codeword; and 
transmitting the video stream portion. 
5. The method of claim 1, wherein the iteratively training 

the coding dictionary includes storing the coding dictionary 
in a non-transitory machine readable medium. 

6. The method of claim 1, wherein the iteratively training 
the coding dictionary includes increasing the sampling index 
cardinality to equal the cardinality of the coding dictionary. 

7. The method of claim 1, further comprising transmitting 
the coding dictionary to an encoder. 

8. The method of claim 1, further comprising transmitting 
the coding dictionary to a decoder. 

9. An apparatus for decoding a frame in a video stream, the 
frame having a plurality of blocks, the apparatus comprising: 

a memory; and 
a processor configured to execute instructions stored in the 
memory to: 
iteratively train a coding dictionary, wherein the coding 

dictionary includes a plurality of codewords, by: 
identify a sampling index cardinality; 
identify a portion of a video stream; 
decompose the portion by: 

randomly identifying a set of codewords from the 
plurality of codewords wherein a cardinality of the 
set of codewords is the sampling index cardinality 
and wherein the sampling index cardinality is less a 
cardinality of the plurality of codewords, and 

determining a codeword from the set of codewords, 
the codeword having a maximum correlation with 
the portion; and 

update the codeword based on the portion, 
wherein iteratively training the coding dictionary 

includes maintaining a timer and increasing the sam 
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pling index cardinality in response to an event indi 
cating an expiration of the timer. 

10. The apparatus of claim 9, wherein the processor is 
configured to iteratively train the coding dictionary by main 
taining an iteration counter and the event indicates that the 
iteration counter crossed a threshold. 

11. The apparatus of claim 9, wherein the processor is 
configured to iteratively train the coding dictionary by 
decomposing a plurality of portions of a plurality of video 
streams including the portion of the video stream. 

12. The apparatus of claim 9, wherein the processor is 
configured to: 

generate an encoded video stream by encoding the portion 
using the codeword; and 

transmit the video stream portion. 
13. The apparatus of claim 9, wherein the processor is 

configured to store the coding dictionary in a non-transitory 
machine readable medium. 

14. The apparatus of claim 9, wherein the processor is 
configured to iteratively train the coding dictionary by 
increasing the sampling index cardinality to equal the cardi 
nality of the coding dictionary. 

15. The apparatus of claim 9, wherein the processor is 
configured to transmit the coding dictionary to an encoder. 

16. The apparatus of claim 9, wherein the processor is 
configured to transmit the coding dictionary to a decoder. 

17. The method of claim 1, wherein determining a code 
word from the set of codewords comprises: 

for each codeword of the set of codewords, determining a 
correlation between the portion of the video stream and 
the codeword; and 

selecting the codeword of the set of codewords having the 
maximum correlation with the portion of the video 
Stream. 

18. The method of claim 1, wherein updating the codeword 
based on the portion comprises: 

updating the codeword based on a difference between the 
portion and a weighted combination of the set of code 
words. 

19. The apparatus of claim 9, wherein the processor is 
configured to determine a codeword from the set of code 
words by: 

for each codeword of the set of codewords, determining a 
correlation between the portion of the video stream and 
the codeword; and 

selecting the codeword of the set of codewords having the 
maximum correlation with the portion of the video 
Stream. 

20. The apparatus of claim 9, wherein the processor is 
configured to update the codeword based on the portion by: 

updating the codeword based on a difference between the 
portion and a weighted combination of the set of code 
words. 


